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BbinojiHeH aHajiH3 aKcnpeccnn renoB, KCumpyioLnnx (jiaKTopbi 3ainnTiibix peaKunn ra- 
cTponoA y MOJiJiiocKOB Planorbarius comeus (Gastropoda, Pulmonata) npn 3 apa>KeHHH 
TpeMaTOZtaMH. B padoTe GbiJin ncnojib30Baiibi KaTyiuKH, 3apa>xeHHbie napTeHHTaMH TpeMa- 
toa H3 ceMencTB Strigeidae, Notocotylidae, Plagiorchiidae n Schistosomatidae. rioKa3aHO, 
hto ypoBeHb OKcnpeccHH renoB (})H6pHiioreHnoAo6Horo 6ejiKa, C-JieKTHiia, Kajibunii-cBfl- 
3biBaiomero 6ejiKa n uHCTaTMimoAoOnoro dejixa pa3JiH4Hbi y He3apa>KeHHbix n 3apa>Ken- 
HblX MOJIJIIOCKOB. TaK>Ke BbiaBJieHa 3aBHCHMOCTb HHTeHCHBHOCTH TpaHCKpHnitHH 3THX FQ- 
hob b reMOJiHMijje n renaTonaHKpeace xo3JieB ot hx 3apa>KeHHOCTH. 

Kruoneebie cnoea: 3aniHTHbie peaKunn, mojijiiockh, napTeHHTbi TpeMaTOA, iiMMyrnibiii 
OTBeT. 


Mojijiiockh ABjniiOTCfl oahhm H3 ochobhlix oSbcktob HccjieAOBaiiHH b o6jia- 
CTH CpaBHHTeJIBHOH HMMyHOJIOrHH. Hx 3aiAHTIIbie peaKUHH HHT0HCHBHO H3y- 
HaiOTCfl C TOHKH 3peHHfl KJieTOHIIblX H ryMOpajIBHBIX COCTaBJIHIOIUHX (ATaeB, 

riojieBiitHKOB, 2004; ATaeB h AP-, 2005). OAHaKO, necMOTp^i na Sojibiiioh cjiaK- 
THHecKHH MaTepnaji, MexaiiH3Mbi 3amHTiibix peaKUHH, b nacTiiocTH B3aHMOAGH- 
CTBHfl Me>KAy C 060 H KJieTOHHbIX H ryMOpaJIbHbIX KOMIIOIieilTOB, BO MHOTOM 
OCTaiOTCfl Iie^CHblMH. ripOHCHHTb MHOTHe aCIieKTbl (JjyHKAHOHHpOBaii™ 3am,HT- 
HblX CHCTeM MOJIJIIOCKOB II03B0JI5ieT H3yneHHe reneTHHeCKHX OCHOB HX pe3H- 

CTeiiTnocTH k napa3HTaM (Sorensen, Minshella, 2001; Connors, 2003; ripo- 
xopoBa, ATaeB, 2008, h AP-)- Mcnojib30BaiiHe coBpeMemibix MOJieKyjmpno-re- 
IieTHHeCKHX IIOAXOAOB H MeTOAOB n03BOJHieT BbHIBjniTb pa3JIHHHJI B 
HHTeHCHBHOCTH 3KCiipeccHH (JjaicropoB 3aui;HTHbix peaKUHii y 3apa>KeHHbix H 
ne3apa>KeHHbix mojijiiockob, a TaioKe y ocoOeii c pa3iibiM ypoBiieM pe3HCTeiiT- 
hocth k 3apa>KeiiHio (Lewis ct al., 2001). 

HaMH SbuiH BbiSpaiibi cJiaKTopbi, nun KOTopbix noKa3ano ynacrae b 3ain,HT- 
iibix peaKAHJix iiyjibMonaT b otbct na 3apa>Kenne napTeiiHTaMH TpeMaTOA: cJihS- 
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pHHoreHnoAo6HMH 6eaoK, Kajii>UHH-CBH3biBaiomHH 6ejiOK, C-jickthh, itncxa-. 
THHnoAoGHbiH 6enoK (Adema et al., 1997; Lewis et al., 2001; Lockyer et al., 
2004; Guillou et al., 2007). 


MATEPMAJl H METO^MKA 

OObeKTaMH nccneAOBaHna nocayacnaH mojijiiockh Planorbarius corneus m 
OpeA^CKoro BOAOxpaHHJimpa (noc. Bbipnua JleHHHrpaACKoii o6ji.). Okojio 
20 % H3 coOpaHHbix KaTymeK 6bmH 3apaa<eHbi napTeHHTaMH xpeMaxoa Cotylu- 
rus sp. (ceM. Strigeidae), Notocotylus sp. (ceM. Notocotylidae), Plagiorchis sp. 
(ceM. Plagiorchiidae), Bilharziella polonica (ceM. Schistosomatidae). 

3KCTpaiajHio xoxaabHoil PHK H3 kjictok reMoanM(})bi, renaTonaHKpeaca h 
B cero Tejia mojijiiockob ocymecxBaaan c ncnojib30BaHHeM peaKTHBa «TRIzol 
Reagent» (Invitrogen, BeaHKoOpnxaHHa) b cootbctctbiim c uncxpyKHHeH npo- 
H3BOAHTejia. Mhctoty n HaTHBHOCTb nojiyHCHiii.ix npenapaTOB PHK npoBepaan 
cneKTpo(J)OTOMeTpnHecKH (cneKxpoiJjoxoMexp Specord-40) h 3aeKxpo(})opexH- 
necKH. npenapaTbi PHK (A 26 o/28o = 1.9), no ashhbim 3aeKxpo<j)ope3a b 1%-hom 
arapo3HOM rene He coAepacaan npnMecen ,H,HK h npoAyKXOB AerpaAaHHH PHK. 
KoHueHTpapHio PHK BbipaBHHBaJin no coAepa<aHHio 28S pPHK. 

renb-3JieKTpo(J)ope3 PHK npoBOAnan b arapo3e Tnna V Ha TBE-6y(j)epe 
(pH 8.0), coAepammeM 0.089 M Tris, 0.089 M OopHyio Kncaoxy h 0.002 M 
3,I)TA, c 0.5 mki7mji 6poMHcxoro sxHAna no cxaHAapmon MexoAHKe (Sambro- 
ok et al., 1989). npHOaronxeabHbiH pa3Mep niJ(P-npoAyKXOB onpeAeaaan no 
cooxBexcxBHio c pa3MepaMH (JjparMeHxoB ^HK-Mapxepa («Ch 63H3 hm», Hobo- 
chOhpck). 

ObpaxHaa xpaHCKpHnpHa, conpaaceHHaa c nojiHMepa3Hon uenHoil peaKHHeil 
(OT-niUP). Chhxc3 k/(HK b peaKHHH oSpaxHoil xpaHCKpHniiHH npoBOAnnn b 
25 mkji peaKHHOHHoil cMecn, coAepacameii 1 MKr xoxajibHoil PHK, 200 cahhhh 
M-MLV oSpaxHOH xpaHCKpHnra3bi, OAHOKpaxHbiH 6y(})ep Ana oOpaxHoii xpaHC- 
Kpnnxa3bi, 3KBHMoaapHyio CMeeb nexbipex dNTP no 500 mkM xa>KAoro, 1 mkM 
CMecn cjiynanHbix npailMepoB h 25 eAHHHp HHrnOHxopa PHKa3. nepeA Ao6aB- 
neHHeM b HHKySauHOHHyio CMeeb PHK co cayaaHHbiMH npaiiMepaMH (Syntol, 
MocKBa) oxacnraan b xeneHHe 5 mhh npn 70 °C Ha MHoroxaHajibHOM aMnantJjn- 
Kaxope /JHK (TepHHK MC-2). Peaxunio npoBOAHJiH b xeneHne 1 naca npn 
37 °C. 

nU,P npoBOAHJiH b 30 mkji cMecn, coAepacamen 1 mkji CHHxe3HpoBaH- 
hoh k/(HK, 1.5 eAnHHitbi Taq-nojiHMepa3bi, OAHOKpaxHbiH nU,P-6y(|)ep 
Ana Taq-nonnMepa3bi, 3KBHMoaapHyio CMeeb nexbipex dNTP no 200 mkM Kaac- 
Aoro, no 100 nM Kaa<Aoro H3 napbi cneuncjjHHecKHX npailMepoB, CBepxy Hacaa- 
HBann MHHepanbHoe Macao. npaiiMepbi CHHxe3HpoBaaH b cjjnpMe «Syntol» 
(MocKBa). 

3aeKrpo(J)opexHHecKHH aHaaH3 nU,P-npoAyKXOB npoBOAnan b 1.4%-hom 
arapo3HOM reae, Koxopbin OKpauiHBaan OpoMncxbiM sxhahcm, c ncnoab30BaHH- 
eM KaMepbi Ana ropH30HxanbHoro 3aeKxpo<f)ope3a nan b 8 %-hom noanaKpnaa- 
mhahom reae (nAAT), Koxopbin OKpauiHBaaH a30XH0KncabiM cepeOpoM (Sam- 
brook et al., 1989), c Hcnoab30BaHHeM KaMepbi Ana BepxnKanbHoro saeKxpocjjo- 
pe3a («XennKOH», MocKBa). PeaKxnBbi Ana npoBeAeHna nH,P h OT-HU.P 
npnoOpexeHbi b (JjnpMe «HHxepJla6CepBHC» (MocKBa). 
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CneuH(|)HMGCKHG npaHMepbi, Hcnojib30BaHHbic odnapy^enmi 3pcjibix TpancKpunTOB 
rcHOB P-aKTHna h (J^KTopoB 3am,HTHbix pcaKUHH racTponoA 
y mojijiiockob Planorbarius corneus 


Specific primers used for the revealing of mature transcripts of the genes of P-actin 
and the factors of gastropodes’ defense reactions in the snail Planorbarius corneus 


mPHK 

HoMep b 
«GeneBank»* 

HyKJieomnnbie nocjie/iOBaTeJibnocTH npnMoro (F) n 06- 
paTiioro (R) npafiMepoB 

PacneT- 
nan nnu- 
na npo- 
ayKTOB 

nifp, 

n. n. 

t OT- 

>Knra, 

°C 

P-actin 

AF329436 

F 5' ATTATGAGGTTAGATTTGGCTGGTC 3' 

R 5' CTGTGATTTCTTTCTGCATTCTGTC 3' 

432 

59 

FREP 7.1 

AY028462 

F 5' TATAGAGGCTGGCAGGAGTATCGTG 3' 

R 5' GACATGTGCAGTTTGAAGTAGCGTG 3' 

433 

63 

CLECT 

EB 709537 

F 5' ACCAATGGAGGAGGCTAC 3' 

R 5' TCAATGCAATCTTCGTTTC 3' 

221 

63 

CaBP 

EB 709539 

F 5' CTTGCTATTATTGCTGTTG 3' 

R 3' A AG AG ATGG A AG AT GT GT G 3' 

308 

60 

Cyst 

EB 709538 

F 5' GGATCCCGTCTGTAACTC 3' 

R 5' ACAATGAAAGGCAATGG 3' 

597 

50.5 


npuMeHanne. FREP 7.1 — (Jjn6pHHoreHno,ao6ubiM 6 cjiok; CLECT — C-jickthh; CaBP — Kajib- 
HHH-CBJi3biBaK)mHH SeJiOK; Cyst — uncTaTnnnozioSnbiH 6ejiOK. * — HOMep nyKJieoTHZiHbix nocjieaoBaTe- 
jibHOCTen b 6a3e aainibix «GeneBank», no KOTOpbiM ocymecTBJUuicn no^6op npafiMepoB. 


/Ijia noASopa cneuH(j)HHecKHx npafiMepoB 6 mjih ncnojib30Banbi nyicneoTHA- 
iibie nocjieAOBaTCJibiiocTH mPHK, cooTBcrcTByioinne cJ)aKTopaM aamnTHbix pe- 
aKUHH nyjibMoiiaT n npeACTaBJieHHbie b 6a3e ashhmx «GeneBank». Ebum bh- 
6paiibi (J>aKTopbi, KOTopwe no JiHTepaTypnbiM AamibiM, npnnnMaiOT ynacrae b 
(JjopMnpoBaiiHH KapTHHbi 3amnTHbix peaKunn npn 3apa>KenHH nyjibMOHaT nap- 
TeHHTaMH TpeMaTOA- (l )H 6pHnoreHnoAo6Hbin OenoK, KajibUHH-CBa3biBaiomnH 
6enoK, C-JieKTHH, AHCTaTHHnoAoOHbin 6ejiOK (Adema et al., 1997; Lewis et al., 
2001; Lockyer et al., 2004; Guillou et al., 2007). 

HyKJieoTHAHbie noejieAOBaTejibHOCTH cnenncJ)nnecKHX npaHMepoB n ycno- 
bhh aMmin(j)HKauHH noAOnpann c noMontbio nporpaMMbi «GeneRunner 3.0» 
(cm. TaOnnny). 

CeKBeHnpoBaHne npoAyKTOB aMnjin(J)HKaitnn ocymecTBJiajin b (J)npMe OOO 
«ATr CepBHcreH» (CaHKT-FIeTep6ypr). 


PE3yJIBTATbI M OBCYACAEIIME 

YpoBeHb aKcnpeccHH nccjieAyeMbix reHOB (JjaKTopoB 3 amnTHbix peaKpnn y 
Planorbarius corneus oneiiiiBajin no OTHomeHHio k aKTHBHOCTH reHa, KOAnpy- 
iomero P-aKTHH. Cnenn^nnecKHe npaHMepbi ana k/JHK P-aKTHHa noAOnpajin, 
iiciio.'ibsya nocjieAOBaTejibHOcra HyKjieoTHAOB reHa p-aKTima Biomphalaria 
glabrata. Ilo a^hhbim ceKBeHnpoBaHna, nil,P-npoAyKT, nonynaeMbiH c no- 
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actin P 
actin B 


ATT^TGAGGTTAGATTfG^eTSGTGGTG CTOACAG&T TACT -GATGAAA TCCTCACT 
ATTATG/vGGTTAGATTTQGCTC^TCGTGACCTCAGAGATTACTTGATGAAAATGCTGaCT 



actin P GA •AGaGGTTAGAGOTTCAGGAGAAGAGGTGAGGGTGAAATTGTTCGTGAGATGAATGAA 116 
act in B G&3 AGGGGATACAGGTTGACGAGAAGAGCTGAGCGTGAAATTGTCGGTGACATC AA f ,?G AA 14 41 

act i n P && CTCTGCTATGTCGC • GTAGATTTTGAACAGGAAATGGAiACAGCTTC/ACGTCTTCA 17 4 

ac t i. n B AAGCTCTGCTATGTGGCTCTAGATTTTGAAC^GAAATGCAAACAGCTTCCACCTCTTCA X 5 01 


actin P TO C G T T GAG A AG AG C T A CG AA€ T CGCTC3A^ A5GT’ * 7AGGT G A TTACCAT CGG CAATG AG CG T 234 

act in B TCTCTTGAC4 AAGAGTTATGAGCTTCGTGACGGTCAAGTCATCACGATIGGCMtOAGCGA 1661 


actin P ATAGAATS-~ 292 

actin B TTCAGAT&TCCAGAAGCTA r GT••• TCCAGCCWTC •T-TTCCTTG- GTATG ••••G&&GCTGCTGG 1637 

a c t i n P CAT CCA AGAGAAG1 AaTGTAC^ACTCC ATCACTGAAGTGCTG ATGTTGAGACTTSTGTAAA 3 5 2 
actin B TATCCATGA AACAACCTACAACTCCATCA• TGAAATG-TGATGTTGACA-TTC-GTAAA 1692 


actin P GACTTGTATGACCAACACTGTATTGTCfGc.A'TGCTCCAGOATGTAGCCAGCATCGCGATT 412 
actin B GACTTGTATG-CTAAGACTGTATTGTCTGGTGGTTCGACCATGTTCGCAG-GlUi 174 6 

act in P GCTGGACAGAATGCAGGACACATCGAACAT 4 4 2 
actin B GGA-GAGAGAATGGA-GAAAGAAATCAGAG 1774 

Phc. 1. riocjieAOBaTejibHOCTH nyioieoTH/tOB k/UTK Biomphcilcirici glabrcitci (actin B) h Planorbarius 
corneus (actin P), cooTBeTCTByiomne p-aKTHiiy. 

3,accb h .najicc b pnc. 2—4 Bbmcjicubi roMOJiornnubic y i iacTKH. 

Fig. 1. cDNA sequences of Biomphcilcirici glabrcitci (actin B) and Planorbarius corneus (actin P) cor¬ 
responding to p-actin (here and in fig. 2—4, homologous sequences are marked). 

Mombio cneun([)HMecKHx fljifli rcna P-aKTHiia npaHMepoB, na k/|HK Planorbari¬ 
us corneus HMeeT zuin11y 442 n. h. Ero nyKJieoTH^naa nocacaoBaTCJibiiocii, iia 
90 % coBna^aeT c nocJie^oBaTejibnocTbio mPHK SnoMfJmjiapHH, no KOTopon 
npoBoanjica no^Oop npaHMepoB (pnc. 1). 

(t>n6pHHoreiinoao6nbie 6ejncn (FREP) hbjihiotcs JieKTHiiaMH n ynacTByioT b 
cBa3biBariHn n neHTpajin 3 au,HH napa 3 HTOB (Connors, 2003). B nacToainee Bpe- 
m>i onncano okojio 10 FREP raerpono^;. B 6a3e ^aniibix «GeneBank» npe#- 
CTaBjieiibi necKOJibKO .iccmtkob iiyKJieoni/uibix iiocjie.ao Barca bnocrei'i, KO.uipy- 
iouihx pa3JiHHHbie ^oMeiibi FREP. CaMaa nojinaa H3 iihx — nocneaoBaTejib- 
nocTb rena FREP Biomphalaria glabrata, co,zjep>Kamafl 16 054 n. h. 
(AY028462). HanGojiee KOiicepBaraBHbin ynacTOK rena, Ko^npyiomero 
FREP — pernon, cooTBeTCTByioiunn (jjnSpnnoreHOBOMy ^OMeny. HanpnMep, 
nyKjieoTHAnaa nocne^OBaTCJibnocTb, Ko^npyiomaa (j)n6pHHorenoBbin flOMen 
FREP 7.1 B. glabrata, iia 76—94 % coBiiaaaer c h y kji e oth^ii bi mh i io cacao aa- 
TejibiiocTaMH ({mOpHnorenoBbix aoMCiioii jjpyrnx FREP Tioro bh;ui. Ona i ai<- 
>kc roMOJiornHiia renaM FREP y apyrnx bh^ob 6 noM([iam)pnn: iia 76—91 % — 
B. pfeifferi, iia 73 — B. alexandrina, na 67 % — B. kuhniana. CoBnaaenne c ro- 
MOJiornHiibiMH i iocacaoBaiea m iocth mi i FREP Bulinus qfricanus cocraiu«CT 
76—82 %, B. truncatus — 68—74, Helisoma duryi — 75—80 %. B cboio o i ic- 
pe^b pa3iibie ceMencTBa FREP pa3JiHHaiOTca no CTpyiaype 6oJiee Bapna- 
6 ejibiioro HMMynorno6yjiHnnoao6noro aoMena (Zhang, Loker, 2004). Hooto- 
My HMernio nyiaieoi n/niaa nocncaoBarejibiiocTb rena ({mSpniiorenoBoro aoMC- 
na FREP 7.1. Biomphalaria glabrata 6 buia ncnojib30Bana npn noa;6ope cnenn- 
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FREP P TATAGAGTCTCGAGGAGTAT :GTGACTCATATATATAGAAGAGAGGAAGNGAAGCAGAAG 61 

FREP P AATACAGGGAAATGATGATAAGCAGCTCATGAGCCTGGTO®[O0S^GTeMMS3TCGT 121 

frep b ----. 1520 s 


FREP P G/\S^ATGATTOGlGBCG^T=GafITCGTOA gGGGTTTGQAGAXTACMCATGACAQSATG 181 

FREP B -ATAGAGSCT08C - -A^GAGTATCGTGACGGGTTTGSAGATTAGAAQAT-TG 15253 


FREP P GTSAA1.T TT ATCTGGGGAAGGAAAATATATfTAATATTAAGTTGJIAGGGGAAAATATAAT 2 4 1 

FREP B GTGAATTTmTGTGGCKPPGeAAAATATATTTAA - AT T AAC T T C C A C GG G A AA AT A T xA AT 1 S312 

FREP P TTAAGAGAATAGATTTGGAGACGTGCAAGGTCAACCGTATTATGCGCAATATTCCATTTT 3 01 

FREP B TT AAG--A ATAGATTTGGTT.TTAAAAAATCAACCGTATTATGCGCAATATTCCATTTT 15369 


FREP P CTAAATTTTAAGTGTATTTTACCATTAGrtAGATAR-ATATGGGAGGCTATTCTGGATATGC 3 61 

FREE B TCAAATTTTAA3TGAAAAAAACCATTACAAGATAAATGTG(3GAGGCTATTCTGGAAATGC 15429 

FEEP P CGGTAACAGCCTGTGGTATGAfAATGATATGTCCT^lGMAOGTTTGATTTGTMAATAi 4 21 

FREP B CGGTAACAGCCTCICGTATCATAATGATATGTACTTTAGTACGTTXGATAATGATAATGA 15489 


FREP P TTGATATTCAGGCGICAACTGTGCAATTAAATAGGACGGAGCOTGGf GGTACTATACTTG 4 81 

FREP B TGC ATATTCA C CGTC AACTGTGCA TAAAAPA*" 'ACGGAC < C1'’GGTG3TACAAAACTTG 15549 

FREP P TTACGAGTCAAACATGTACGGTP\AA l TGGG'':'AAG , X'TCCGATTGAGATTT-*-AGTlGAAGTG 539 

FREP B TTACGAGTCAA^ITGAACGGTAAASGGG‘,; AAGTTGCGgPAGAGATAAGGAGCTGAACTG 15609 

FEEP P GAACACGGTACfTOmAACTGCAGATGTC 567 

FREP B GAACACGCTAC TTCil&ACTGG&C &TGTC 15637 

Phc. 2. riociienoBaTejibHOCTH HyKJieoTHHOB k^[HK Biomphalaria glabrata (FREP B) h Planorbarius 
corneus (FREP P), cooTBeTCTByiomHe (j)H6pHHoreHnono6noMy 6ejTKy. 

Fig. 2. cDNA sequences of Biomphalaria glabrata (FREP B) and Planorbarius corneus (FREP P) 
corresponding to fibrinogen-related protein. 


CLECT P ACCAATGGAGGAGGCTACCCGGCAGAGATTGATGCAGTGTQGAGGGCGTGGGGGTTCGCC 61 

CLECT B ACCAATG3AGGAGGGTACCCGGCAGAGATTGAT - - • AGTGTCGAGGAAATGGGGGTT 84 


CLECT P TIGT AAAl&TTTGGTCCGCTCTCGTCTCTGCCCGCCTCGCX5CCTCCTGCGTCCCGTCGCCG 1.21 

CLECT B TTGGAAAATTTGGT - 98 

CLECT P CTGCCCGCTCG1NTGACCCCCGAAATCGCG""CTGATCTGAGA?GTCTTCGTTGTCAGGCTT 181 
CLECT 8 ..-.-.GA A -.-.AAAT -GT8AGTGA* 'CTGAGA •••GTCTTCGTTG • CAGGGTC 137 


CLECT P GOGACGCTAAAAGTCA.CACTCGGGGCTTT.GAG - CACAASTTAAGATGAGTGTTT 234 

CLECT B -CGAGGCCAAAAGTCAACTCACTrGGlTCTTTCI^lGAAGACAAGTTAAGATGAGTGTTT 196 


CLECT P TTGATTCGTACCGTGGCGAAeCAAACGACACAAGTGGAAAOGAAGATTGe TG.. 287 

CLECT B TTGATTO^ATGCCTQGQGAACCAAACGAOACAAQTGGAAAdGAAGATTGCATTGAACTCA 256 

Phc. 3. riocnenoBaTejibHOCTH HyKJieoTHHOB k,ZJHK Biomphalaria glabrata (CLECT B) h Planorbari¬ 
us corneus (CLECT P), eooTBeTCTByiomne C-jreKTHHy. 

Fig. 3. cDNA sequences of Biomphalaria glabrata (CLECT B) and Planorbarius corneus (CLECT 

P) corresponding to C-lectin. 
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CaBP P GTTGCTATTATTGTGAGTTGCCACTr^TAGCTGCGACGT^GAGACCAGACCATTACT^CT 61 

CaBP B '"TTGGTATTATTG'■■■ CTGTTGCGATTTTTGGCTGCGTCGTCG... 93 


CaBP P ACCGCCTATAGAACGATATCCACGACCTCTCCTAAACCCAGCCCGCBGCTCAACAAA ! *:Pi 12.1 
CaBP 8 ---—CCCAGCCGGGGG*-TCAACAAAACT 117 


CaBP P TGAAC&&TTTGTTCCAAAG-TAIGCTGTCGAATGATAACTTGC’AACCCTTGCAACAAAAC 1 80 

CaBP B TCAACAATTTGTTCCAAAGATACX3 CTGGC~AATGATAlACTTG -rCGGAACAAMC 144 


CaBP P GAGTTAGATA?^C3CTGATCGA^CA^TCTGAAGAC(SATGCfCATGTCTAGCACTGTrAAA 24 0 

CaBP B GAGTTTGCC&GGT fG1GG- C? - TCATT TTGATG&CSAIGGTGATG GGASTGTCA-- 196 


CaBP P GCAAACATGAGTGTTfGAPAGTCGG^ATCCTAAAGATCAGCMGGTTCTCACTCATCCAC 3 0 0 

CaBP B GCAAACAAGAGT KQATAG • COS • ATGG AGA• CAGGAAGGTT • TCOCT/ATCOAC 2 4 7 


CaBP P 
CaBP B 


CAT AT ACTGCT CT GCT AT T3?GCT CGCT AGTTCAGA GGTGTCCATGACG' ‘AGu ‘ CGCTA 358 
AAAA r GCTCCTCT•• CTATTTCCTCG• -AGTT--AGACGCTGTCCAT3ACG-AGGTTCTCAA 302 


CaBP ? GTGCT € AAGAT T T T CCACAG&T CTTCCT A ACT CAT 393 

CaBP B CT~CTCAAGATTTTCCACAGATCTTCCTATCTCTX 336 


Phc. 4. Hocjre^OBaTejiBHocTH HyKJieoTHjjOB k^HK Biomphcilcirici glcibrcitci (CaBP B) h Plcinorbarius 
corneus (CaBP P), cooTBeTCTByiomHe Kajii»UHH-CBH3biBaiomeMy 6ejiKy. 

Fig. 4. cDNA sequences of Biomphcilcirici glcibrcitci (CaBP B) and Plcinorbarius corneus (CLECT P) 

corresponding calcium-binding protein. 


cj)HHecKHX npaHMepoB rjik H3yHeHH>i oxcnpeccHH FREP Plcinorbarius corneus 
(cm. TaSjiHuy). 

Sxcnpeccnfl reHa, xo^npyiouiero FREP, BbraBJieHa bo Bcex nccjienyeMbix 
o6pa3uax PHK. Pe3yjn>Tara OT-niJP anajima noxa3ajiH npHcyTCTBHe bo Bcex 
o6pa3ifax (jiparMenTa AUK, ajihhoh 560—570 n. h. (cm. pnc. 7). AHa- 
JTH3 rilJP-npouyxTa, nojiyneHHoro co cneijHcjjHHecxHMH npaiiMepaMH Ha FREP, 
noKa3aji, hto ero Hyxjieo™mHa>i nocjieuoBaTejibiiocTb (566 n. h.) Ha 79 % cob- 
na^aeT c nocjie^OBaTejibHOCTbio mPHK SnoMcjjajBipHH, no xoTopon npon3BO- 
Ahjica non6op npaHMepoB (pnc. 2). 3to Tax>xe nouTBep^naeT Bbicoxyio koh- 
cepBaraBHocTb ^)n6pHHoreHOBoro noMeHa FREP, o xoTopon ynoMHHajiocb 
Bbirne. 

YcTaHOBJieHo, hto ypoBeHb oxcnpeccnn reHa FREP noBbimaeTCH y mojijiio- 
ckob, 3apa^ceHHbix TpeMaTO^aMH Cotylurus sp. h Bilharziella polonica. OuHaxo 
oh 3HanHTejibH0 CHHxcaeTC^ y oco6eii, 3apa>xeHHbix Plagiorchis sp. h Notocoty- 
lus sp. (pnc. 5). 

CoraacHo HHTepaTypHbiM uaHHbiM, Ha HHTeHCHBHocTb 3KcnpeccHH reHOB, 
KOAHpyiOHinx pa3Hbie rpynnbi FREP, bjihact xax ypoBeHb pc3hctchthocth 
M ojimocxa, Tax h cpox 3apaxceHH^ TpeMaTOnaMH. Tax, npn 3apa>xeHHH mojijiio- 
cxob Biomphalaria glabrata MnpaijHUHJiMH Echinostoma paraensei, y oco6eH h 

pe3HCTeHTHOH, H HyBCTBHTCJIbHOH J1HHHH 3HaHHTCJlbHO yCHJIHBaeTCfl TpaHC- 

xpnniiHH reHOB FREP jx Byx nonceMeiiCTB (FREP 2 h FREP 4). OuHaxo 3apa>xe- 
Hne napTeHHTaMH Schistosoma mansoni npHBOUHT x ycnjieHHio axcnpeccnn 
FREP TOJibxo y pe3HCTeHTHbix mojijiiocxob (Hertel et al., 2005). B to >xe BpeMJi 
3apa^ceHHe TpeMaTOnaMH Echinostoma caproni HHuyiinpyeT 3HanHTejibHoe 
ycHJieHne axcnpeccnn reHOB, xounpyiomnx FREP, y mojijiiocxob nyBCTBHTejib- 
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Phc. 5. SKcnpeccHH renoB (paKTopoB 3amHTiibix peaKunn y mojijiiockob Planorbarius corneus, 3apa- 

>KeiIHbIX pa3IIbIMH BH^aMH TpeMaTO#. 

A — nc3apa>KCHHbic mojijiiockh; B—JJ — 3apa>KCHHbic TpcMaToaaMH mojijiiockh: E — Cotylunis sp., B — Notoco- 
tylus sp., r — Plagiorchis sp - Bilharziellapolonica. Flo och op/uniaT: ypoBCHb 3KcnpcccHH rcua OTiiocHTCJib- 
ho P-aKTHiia. no och op,aHnaT: ypoBCHb 3KcnpcccHH rcua OTiiocHTCJibno P-aKTHiia. no och a6cnncc: 1 — (})H6pH- 
HorcunoaoSHbiH 6cjiok, 2 — C-jickthh, 3 — KajibHHH-cBfl3biBaiomHH 6cjiok, 4 — uHCTaTHinioaoSiibiH 6 cjiok. 

Fig. 5. Expression of genes encoding factors of defense reactions in the snail Planorbarius corneus 

infested with different trematode species. 


non jiniinn (Mitta ct al., 2005). Hpn 3tom nocne 3apa>Kenini napTeiiHTaMn Tpe- 
mztoji n y pe3HCTeirriibix, n y nyBCTBirrejibiibix mojijiiockob ypoBeiib 3Kcnpec- 
chh renoB pa3iibix FREP H3MeimeTCn no-pa3HOMy. 

noKa3aiibi TaoKe KoncTHTyniioHiibie pa3JiHHHH b 3Kcnpcccnn FREP y moji¬ 
jiiockob pe3ncreiiTiibix h HyBCTBHTejibiibix jihiihh (Mitta ct al., 2005). Cneutn- 
(J)HHecKafl pojib OT^ejibiibix rpynn FREP b 3amn nibix peaKumix racTpono^ TaK- 
xce no^TBep>K^aeTC5i nurnOnpoBanneM nx OKcnpeccnn nocjie BBe,neiiH5i mojijiio- 
CKaM cnei^nc^nHecKnx KOMnjieMeinapiibix PFIK (Jiang ct al., 2006). 

JJjw iiecKOJibKnx rpynn FREP npocjioKena BpeMerinafl /nniaMHKa M3Mene- 
hhh ypoBim 3Kcnpeccnn cooiBeTCTByioinnx renoB. noKa3ano, hto y mojijiio¬ 
ckob Biomphalaria glabrata , 3apa>Keniibix oxnnocTOMaMn, ypoBeiib cnirre3a 
mPFIK FREP 2 n FREP 4 noBbiinaeTCfl y>Ke nepe3 cyTKH n. 3. Ilpn 3tom miTeii- 
CHBiiocTb cmiTe3a mPFIK FREP 4 nocTeneiiiio ciin)KaeTCfl k 16 a mo n. 3., a ypo¬ 
Beiib cmiTe3a mPFIK FREP 2 ocTaeTca noBbimeiiiibiM n nepe3 21 ^eiib n. 3. 
B ^ajibiienineM on ne H3MeinieTCfl (Zhang, Lokcr, 2004). 

JleKTHiibi C-THna (CLECT) y Miiornx mojijiiockob npniiHMaioT ynacrae b 
pacno3iiaBaiinn n onconn3annn ny>Kepo/nibix o6i>cktob (Chai ct al., 2008). 
B 6a3e Aainibix «GcncBank» npe^CTaBjieiio okojio 200 pa3JiHHiibix iiyKjieoTHA- 
iibix nocjieAOBaTejibiiocTen, oTiiocflinnxcfl k CLECT mojijiiockob. EojibuiHiiCT- 
bo M3 BbmBjieiiiibix nocjieAOBaTejibiiocTeH npHiia/yiOKUT ^BycTBopnaTbiM: My- 
tilus galloprovincialis, M. trossulus, M. edulis , Chlamys farreri, Crassostrea gi- 
gas, Codakia orbicularis. Fle^aBiio CTajio h3bcctiio, hto roMOJior CLECT ecTb 
n y racTponoA. Ilpn no,n6ope cnenncJinHecKnx npaiiMepoB j\jik BbmBjiemni no- 
cjieAOBaTejibiiocTen iiyKjieoraAOB, cooTBeTCTByioinnx 3TOMy (JiaKTopy, Mbi nc- 
nojib30Bajin nocjieAOBaTejibiiocTb JJHK, KOTopasi cooTBeTCTByeT (jjparMeiiTy 
mPHK yrjieBOA”CB^3biBaioin,ero ynacTKa CLECT Biomphalaria glabrata 
(EB709537) (cm. TaOjinny). 
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Cneun^HHecKne npaHMepbi, no3BOJi5iiomHe aMmiHcJiHunpoBaTb BbiOpaHHbiH 
HaMH KOHcepBaTHBHbm ynacTOK reHa CLECT, BbmBJuuiH npo^yKTbi pa3HOH 
AJiHHbi: npn6jiH3HTejibHO 510 h 287 n. h. (cm. pnc. 8, A). Y OojibuieH nac™ 

MOJ1J1IOCKOB o6HapyHCeH TOJIbKO 0£HH H3 nEJP-npO^yKTOB, H TOJlbKO y HeOoJlb- 
hioh nacTH 6bijih BbmBjieHbi OOTOBpeMeHHO o6a npo^yKTa. 

HyKJieoTH^Ha^ nocne^OBaTejibHOCTb nEJP-npo^yKTa, /jjihhoh 287 n. n., 
Ha 64.7 % coBna^aeT c eooTBeTCTByiomen nocjie^OBaTejibHOCTbio mPHK, co- 
OTBeTCTByioui,eH CLECT OHOMcfjajwpHH (pnc. 3). Hpn otom nojiyneHHaji 
k/JHK co^ep^cHT ynacTOK, ,zjjihhoh 59 n. h., OTcyTCTByioin,HH b mPHK 6hom- 
c^ajnipHH. Ha ocTaBiiieMCfl ynacTKe nocjie^OBaTejibHOCTH coBna^aiOT Ha 
83 %. 

onpe^ejieHH^ ypoBH# OKcnpeccnn reHa CLECT 6biJiH Hcnojib30BaHbi 
o6pa3Ubi, b KOTopbix npe^cTaBjieH npo^yKT /jjihhoh 287 n. h. 

YcTaHOBjieHO, hto ypoBeHb 3KcnpeccHH reHa CLECT noBbimaeTCfl npn 3a- 
pa^ceHHH MOJiJiiocKOB napTeHHTaMH TpeMaTO^ (cm. pnc. 5). Tax, no cpaBHeHHio 
c He3apa^ccHHbiMH KaTyuiKaMH, y oco6eii, 3apa^ceHHbix Plagiorchis sp., oh 
Bbirne b 2 pa3a, Cotylurus sp. — b 3.5 pa3a, a y 3 apa^ceHHbix Notocotylus sp. h 
Bilharziella polonica — nonra b 5 pa3. 

PaHee 6biJio noKa3aHO noBbimeHHe ypoBHfl OKcnpeccnn reHa CLECT y moji- 
jiiockob Biomphalaria glabrata , 3apa>KeHHbix Echinostoma caproni (Guillou et 
al., 2007). KpoMe Toro, OTMeneHo noBbimenne cojjep^aiiHa jickthhob C-rana b 
reMOJiHM(j3e Biomphalaria glabrata , HMMyHH3npoBaHHbix rpaMnojio>KHTejibHbi- 
mh OaKTepHHMH h ^po^oKaMH (Guillou et al., 2004; Chai et al., 2008). TaKHM 
o6pa30M, Biie^perine ny^cepo^Hbix (J^KTopoB aKTHBH3HpyeT reiibi, KOOTpyio- 
mne (jjaKTopbi, npHHHMaiorane ynacTne b npoueccax pacno3iiaBaiiHfl h kjictoh- 
hoh a^re3HH. Harnn pe3yjibTaTbi corjiacyiOTCfl c othm ^ainibiMH h no^TBep^K/ja- 
iot ponb CLECT b 3 amHTiibix peaKUHHX nyjibMOHaT Ha 3apa>KeHHe napTeHHTa¬ 
MH TpeMaTO^. 

Fpynna KajibUHH-cBH3biBaioraHX 6ejiKOB (CaBP) npHHHMaeT ynacrae b pe- 
ryJHHJHH aKTHBHOCTH H nO^BH^KHOCTH KJieTOK, BOBJieneHHblX B 3amHTHbie peax- 

Uhh MOJiJiiocKOB (Deininger et al., 2002; Vergote et al., 2005). B HacToamee 
BpeMfl H3BecTHbi HenojiHbie HyKJieorajjiibie nocjie^OBaTejibHocra mPHK, coot- 
BeTCTByiorane CaBP HecKOJibKHX bh^ob OnBajibBHH (Chlamys farreri, Crassost- 
rea gigas , Argopecten irradians ) h racTpono# Biomphalaria glabrata. jih no#- 
6 opa npaHMepoB, no3BOjnnomHx BbuiBjnrrb TpaHCKpnHTbi, cooTBeTCTByiomne 
mPHK CaBP y Planorbarius corneus , 6biJia Hcnojib30Bana npe^CTaBJieHHan b 
«GeneBank» nocjie^OBaTejibHOCTb HyKJieoTH^OB mPHK CaBP Biomphalaria 
glabrata (EB709539) (cm. TaOjinuy). 

C Hcnojib30BaHHeM npaHMepoB, cneuncJjHHHbix Bbi6paHHOMy ynacTKy 
reHa CaBP, BbmBjnieTCfl 2 npo/p/KTa /jjihhoh okojio 390 h 590 n. h. (cm. pnc. 8 , 
E). Y OojibuieH nacTH mojijiiockob oOHapy^ceH tojibko npo^yKT /jjihhoh 
390 n. h. AMnjiH^JHKaT /jjihhoh 590 n. h. nojiyneH Ha k/JHK reMOUHTOB h re- 
naTonaHKpeaca He3apa>KeHHbix mojijiiockob h tcmouhtob 3apa>KeHHbix moji¬ 
jiiockob. AHajiH3 aMnjiH^JHKaTa /jjihhoh 393 n. n. (pa3Mep yTOHHeH b pe3yjib- 
TaTe ceKBeHHpoBaHH^), nojiyneHHoro co cneancjiHHecKHMH npaHMepaMH 
jinn CaBP, noKa3aji, hto ero Hy kjicoth^h a>i nocjie^OBaTejibHOCTb Ha tomojio- 
thhhom ynacTKe Ha 78.5 % coBna^aeT c nocjie^OBaTejibHOCTbio mPHK 6hom- 
4iaji5ipHH, KOTopyio ncnojib30BajiH npn no^6ope cneuH(|jHHecKHx npaHMepoB 
(pnc. 4). 
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YcTaHOBjieHO, hto ypoBeHb 3KcnpeccHH reHa CaBP y mojijiiockob, 3apa>KeH- 
ribix Cotylurus sp. h Bilharziella polonica, Bbirne, a Notocotylus sp. h Plagior- 
chis sp. — HH^ce, neM y He3apa>KeHHbix (pnc. 5). 

JlHTepaTypHbie .naHHbie no SKcnpeccHH reHa, Ko^npyiomero CaBP, npoTH- 
BopenHBbi. HexoTopbie Hccjie,ziOBaTejiH OTMenaiOT 3HanHTejibHoe ycnjieHne ax- 
THBHOCTH TpaHCKpHnpHH TCHOB CaBP y 3apa>KeHHbIX MOJIJIIOCKOB pe3HCTeHT- 
Hbix jihhhh (Guillou et al., 2007). CornacHO aaHHbiM apyrnx aBTopoB (Vergote 
et al., 2005), co^epiKaHne 3Toro Oeuxa b njia3Me reMOJiHMcjibi n ypoBeHb TpaHc- 
KpnnpHH ero reHa ropa3,zio Bbirne y He3apa^ceHHbix mojijiiockob uyBCTBHTejib- 
hmx jihhhh. OAHaxo nocjie 3apa>xeHHa b pe3HCTeHTHbix oco6ax HaOjiio^aeTca 
ycHJieHHe SKcnpeccHH reHa, b to BpeM« xax b BocnpHHMHHBbix — ee ocnaO- 
neHHe. 

UHCTaTHHno^oOHbie ocjikii (Cyst) racipoiio.j npHHHMaioT ynacrae bo bhc- 
KjieTOHHbix peaxitHax, oOecnenHBaH peryjuiuHio npoTHBOHHcjieKUHOHHoro ot- 
BeTa h 3jiHMHHapHio napa 3 HTOB (Mitta et al., 2005). B 6a3e .zjaHHbix «Gene- 
Bank» npe^cTaBJieHbi iiyKacoTHHiibic nocjicjioBaTCJibHOCTH mPHK Cyst tojibko 
^B yx bhuob mojijiiockob — Crassostrea gigas h Biomphalaria glabrata. J\nn 
no^;6opa cnepH(j)HHecKHX npaiiMepoB 6buia Hcnojib30BaHa HyKJieoTHaHaa no- 
cjiejiOBaTejibHOCTb mPHK Cyst Biomphalaria glabrata. 

C Hcnojib30BaHHeM npaiiMepoB, eooTBeTCTByioin,Hx reHy Cyst, Ha pa3Hbix 
k/JHK 6buiH nojiyneHbi npo^yKTbi pa3MepoM okojio 250, 400, 450 h 700 n. h. 
(cm. pnc. 9). y He3apa>KeHHbix mojijiiockob cooTBeTCTByiomHH Cyst npo^yKT 
He oSHapyxceH. TaKHM o6pa30M, b ycjiOBHux Harnero 3KcnepHMeHTa Gbuin Bbi- 
HBJieHbi TpaHCKpnnTbi reHa Cyst TOJibKO y 3apa>KeHHbix TpeMaTO^aMH mojijiio¬ 
ckob. IlpH 3TOM Ha xaiK^OM TOTajibHOM npenapaTe PHK H^eHTH(J)HpHpoBaHO He 
6ojiee AByx aMnjincjiHKaTOB. HajiHHHe HecKOJibKHX riUP-npo/iyKTOB, nojiynae- 
Mbix Ha Hccjie^yeMbix MaTpnuax c noMOipbio cneitHcJiHHecKHX ana reHa Cyst 
npaHMepoB, moxcho o6bncHHTb TeM, hto no^Sop npaiiMepoB 6mji npoBe^eH, hc- 
xo/ia H3 HMeioiitHxca b KOMnbioTepHOH 6a3e aaHHbix HyKJieoTH^Hbix nocjieao- 
BaTejibHOCTeH H^eHTHHHoro reHa .npyroro BH.ua mojijiiockob. B to >xe BpeMH 
HMeHHo Hcnojib30BaHHe cneitHcjiHHecKHx npaiiMepoB h cneiunJiHHHOCTb 3anB- 
jieHHbix b 6a3e nocjieaoBaTejibHocTeH HyKJieoTH^oB no3BOJineT c bbicokoh .zjo- 
Jiefl H^eHTH({)HUHpoBaTb yKa3aHHbie nUP-npoayKTbi, xax roMOJiorHHHbie no- 
CJieaoBaTejibHocTH reHa Cyst nyjibMOHaT. Mbi Ha^eeMca, hto onpeaejieHHe 
nepBHHHOH nOCJie/tOBaTeJIbHOCTH HyKJieOTHHOB, COCTaBJHHOmHX 3TH (jiparMeH- 
tm /(HK, noMoxceT oObHCHHTb Hajinune Bcex BbiuBJiaeMbix nponyKTOB. 

CpaBHeHHe ypoBHa 3KcnpeccHH reHa y mojijiiockob, hmcioih,hx nponyKT 
0/tHH3KOBOH ^JIHHbl - 400 n. H., nOKa3aJIO, HTO OH 3HaHHTejIbHO Bbirne y MOJI¬ 

JIIOCKOB, 3apa>KeHHbix napTeHHTaMH Plagiorchis sp. h Bilharziella polonica, 
neM y He3apa^ceHHbix ocoOeii (pnc. 5). 

Cyst OTHOCHTCH K CCMCHCTBy HHrnGHTOpOB UHCTCHHOBblX npOTea3, KOTOpbie 

npeacTaBjieHbi b ochobhom o^HOnoMeHHbiMH OejiKaMH. Ohh KHraOnpyiOT uhc- 
TeHHOBbie npoTea3bi, ccKpcTHpvcMbic kbk kjictkbmh napa3HTa, Tax h mojijiio- 
CKa, 3aiiuima>! ot hx pa3pyuiHTeJibHoro .leifcnsmi TKaHH xonmna. B nacroamce 
BpeMH nOKa3aHa pOJIb 3THX SeJIKOB BO BHCKJieTOHHOM npOTHBOHH(})eKUHOHHOM 
OTBeTe, peryjiaiiHH SHnoreHHoro HMMyHHoro otbctb. AHajiorn Cyst HaM^eHbi b 
ikhbothhx Bcex THnoB (Abrahamson et al., 2003). HanpnMep, HeKOTopbie He- 
Maro.ua cexperapyioT miciarmibi, imriionpyionuie HMMyHHbie otbctbi xobhcb 
(Hartmann, Lucius, 2003). 
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Phc. 6. 3KcnpeccHH reHOB ([dbktopob 3amnTHbix peaKUHH b renaTonaHKpeace n reMouHTax mojijik)- 

ckob Planorbarius corneus. 

A — rcMOUHTbi HC 3 apa>KCHHbix, B — rcMOUHTbi 3 apa>KCHHbix, B — rcnaToriaHKpcac 3apa>KCHHbix, F — rcriaTO- 
riaHKpcac HC 3 apa>KCHHbix. no och opaHHaT: ypoBCHb 3 KcnpcccHH othochtcjibho p-aKTHHa. no och aOcuHCc: 

1 — ())H6pHHOrCHriOao6HbIH ScJIOK, 2 - C-JTCKTHH, 3-KaJTbUHH-CBH3bIBaiOUIHH 6CJI0K, 4-UHCTaTHHnoao6- 

HblH 6CJ10K. 

Fig. 6. Expression of the genes encoding factors of defense reactions in the hepatopancreas and he- 
mocytes of the snail Planorbarius corneus. 


PaHee 6buio noKa3ano, hto aKTHBHOCTb TpaHCKpHnunn rena, Kounpyionjero 
Cyst, npn 3apa^ceimn TpeMaTO^aMH naMnoro Bbime y pe3HCTeHTHbix mojijiio- 
ckob Biomphalaria glabrata no cpaBiieHHio c He3apajKeiiiibiMH ocoShmh (Ver- 
gote et al., 2005). 

y^HTbiBan pout Cyst b HiirnOnpoBaHnn npoTea3 napa3HTa, mo>kho npeu- 
nojio^KHTb, hto noBbimemie khtchcmbhocth OKcnpeccnn Cyst npn 3apa>Ke- 
hhh oOecnennBaeT 3anjHTy oprann3Ma MOJimoctca ot nocjieucTBHH B03ueHCT- 
bhh napa3HTa n 3aiuHTHbix peaKUHH. y nyBCTBHTejibHbix oco6en bbicokhh 
KOHCTHT yTHBHbin ypoBeHb Cyst no3BOjweT CM^maTb uencTBne npoHHKaioiue- 
ro napa3HTa, ouHaKO uojx ueiiCTBHeM napa3HTa ypoBerib OKcnpeccHH chh- 
>KaeTCH. 

TaKHM o6pa30M, y mojijiiockob, 3apa>Keimbix napTeiiHTaMH Cotylurus sp. n 
Bilharziella polonica , noBbimaeTCH ypoBeHb OKcnpeccnn reHOB Bcex paccMaT- 
pnBaeMbix (J)aKTopoB, a npn 3apanceHnn Notocotylus sp. n Plagiorchis sp. — 
TOJibKO C-jieKTHHa n uncTaTHHnouoOHoro SejiKa. nojiyneHHbie pe3yjibTaTbi 
no^TBepnc^aiOT BHuoeneuncjiHHHOCTb n ryMopajibHbix peaKunn nyjibMOHaT. 

Pe3yjibTara MOJieKyjnipHO-reHerHHecKoro aHajin3a TaoKe nouTBepncuaiOT 
pojib reMOUHTOB n KjieTOK renaTonaHKpeaca b npouyKunn ryMopajibHbix (jiaK- 
TopoB 3amnTHbix peaKunn. y mojijiiockob, 3apa>KeHHbix napTeHHTaMH TpeMa- 
tou, ypoBeHb 3KcnpeccHH reHOB, Kounpyioiunx CLECT h CaBP, 3HanHTejibHO 
noBbiinaeTCH b reMOUHTax, a Kounpyioiunx FREP h Cyst — b renaTonaHKpeace 
(pnc. 6). 

y He3apa>KeHHbix mojijiiockob ypoBeHb oKcnpeccnH reHa, Kounpyioiuero 
FREP, Bbiine b renaTonaHKpeace, neM b reMouHTax. ripn 3apanceHHH oh noBbi- 
inaeTCH b renaTonaHKpeace h pe3KO CHnncaeTCfl b reMouHTax. B cpe/pieM ypo- 
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Phc. 7. rmP-npo^yKTbi, nojiynaeMbie Ha k^HK Planorbarius corneus c noMombio cneuntpHHecKHX 
npaHMepOB Ha HymieoTHflHbie nocjie,zioBaTejibHocTH, Ko/mpyKmme (JmGpHHoreHnofloGHbiH 6enoK 

(FREP) h p-aKTHH y racTponofl. 

A — 3 Jieiapo(j)ope 3 b 1.4%-hom arapo3HOM reae. 1 , 3, 5 — FREP, 2, 4 , 6 — P-aKTHH; 1,2 — 3apa>KeHHe Co- 
tylurus sp.; 3, 4 — 3apaaceHHe Bilharziella polonica; 5,6 — He 3 apa>KeHHbiH mojijiiock, 7 — /fHK-MapKep 
MoaeKyaapHbix bccob 100 — 1000 n. h. B — 3JieKTpcxf)ope3 b 8%-hom nojinaKpHJiaMHziHOM reae. 1 — aMnan- 
(j)HKaT FREP H3 reMoaHM^bi 3apaaceHHbix MoaaiocKOB, 2 — TJHK-MapKep MoaeKyaapHbix bccob 

100—1000 n. h. 

Fig. 7. PCR products obtained on Planorbarius corneus cDNA with the specific primers for the sequ¬ 
ences encoding fibrinogen-related protein (FREP) and p-actin in gastropodes. 


BeHb 3KcnpeccHH reHa, KO^Hpyiomero FREP, Bbirne b renaTonaHKpeace, neM b 
reMOJiHM(j)e. 

OiHiacrcH, hto (|)n6pnnoreHOBbiii ,tomch FREP ooxeniaeT KaaBiun'i-3aBH- 
CHMoe CBMBBiBaiiHc c yi\.icBo;utMH, yqacTBya b upoucccax paciioBiiaBaHii>i ny- 
xcepo,zmoro h Me>KKJieTOMHoro B3aHMO^eHCTBHH (Adema et al., 1999). Pe3Koe 
CHH>KeHHe 3KcnpeccHH 3Toro reHa b reMOJiHM(|)e MoxceT SbiTb CB«3aHO c noflaB- 
jieHHeM HMMyHHoro otbctb MOJiniocKa napa3HTOM (Sire et al., 1998). B to xce 
BpeMH FREP, BepoHTHo, nrpaioT BaxcHyio ponb b (JtopMHpoBaHHH Kancyn bo- 
Kpyr napa3HTOB (Adema et al., 1997), a renaTonaHKpeac HBJifleTCfl ochobhbim 
MecTOM 11 a pa 3 nr h p o b a h h m napTeHHT rpcMaro;;. 

TeH, KOOTpyiomHH CLECT b reMomrrax, 3apa>KeHHbix ipeMaTO^aMH Pla¬ 
norbarius corneus, 3KcnpeccHpyeTca 3HaHHTenbHo HHTeHCHBHee, neM y He3apa- 
>KeHHbix (puc. 6). PaHee 6bina noKa3aHa pojib CLECT b 3hthmhkpo6hom otbc- 
Te reMOHHTOB Biomphalaria glabrata (Guillou et al., 2007). 
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Phc. 8. nU,P-npo^yKTbi, nojiynaeMbie Ha kJXHK Planorbarius corneus c noMombio cneuHtjiHHecKHx 
npaiiMepoB Ha nocne^oBaTejibHocTH, KoxHipyiomne C-jickthh (A) h KajibijHH-cBjnbiBaiomHH 6ejiOK 

(E) y racTponozt. 

3jieKTpo(j)ope3 b 1.4%-hom arapo3HOM rejie. 1 — mojijiiock, 3apa>KeHHbiH Plagiorchis sp.; 2 — mojijiiock, 3apa- 
>KeHHbiH Bilharziella polonica; 3 — He3apa>KeHHbiH mojijiiock; 4 — renaTonaHKpeac He3apa>KCHHoro MOJiJiiocKa; 
5 — mojijiiock, 3apa>KeHHbiH Cotylurus sp.; 6 — ^HK-MapKep MOJieKyjiapHbix bccob 100—1000 n. h. 

Fig. 8. PCR products obtained on Planorbarius corneus cDNA with the specific primers for the sequ¬ 
ences encoding C-lectin (A) and calcium-binding protein ( E) in gastropodes. 

B renaTonaHKpeace He3apa>KeHHbix KaTymeK mm Boo6me He o6Hapy>KHjiH 
mPHK, cooTBeTCTByromefl CLECT, xoth b renaTonaHKpeace 3apa^ceHHMx reH 
BKCnpeCCHpyeTCH. BepOHTHO, HMeHHO 3apa>KeHHe npHBOPHT K «BKJIK)HeHHK)» 
reHa. H3BecTHO, hto JieKTHHbi C-Tnna ynacTByioT b pacno3H3BaHHH ny^epoa- 
HMX oGteKTOB, OnCOHH3aUHH H KJieTOHHOH a,nre3HH. CaeflOBaTeJIbHO, OHH BO- 
BJieneHM b nponeccbi B3aHMOflencTBHa reMopHTOB MOKpy co6on h c ny>Kepoa- 
hhmh o6i>eKTaMH (Chai et al., 2008). Harnn pe 3 yjibTaTbi CBnpeTejibCTByiOT o 
pojin He TOJibKO*. l eMomrroB. ho h kjictok renaTonaHKpeaca b npo,ayKnnn 
CLECT. Bo3mo>kho, hmchho renaTonaHKpeac ABJiaeTca ochobhmm MecTOM 
CHHTe3a 3Toro OejiKa b xope TpeMaTopHon HHBa3nn. 

YpOBeHb 3Kcnpeccnn CaBP y mojuiiockob Planorbarius corneus, iapa>KCH- 
hmx TpeMaTo^aMH, noBbimaeTca b reMopnTax b 5 pa3 no cpaBHeHHio c He3apa- 
HfeHHbiMH KaTymKaMH, b to BpeMa KaK b renaTonaHKpeace 3apa>KeHHbix KaTy¬ 
meK oh Jiniiib He 3 Ha i iHTeai)HO oranMaeroi ot TaKOBoro b renaTonaHKpeace He- 
3apa»eHHbix oco6en (pnc. 6). 

CorjiacHO jiHTepaTypHbiM paHHbiM, CaBP ynacTByiOT b peryjiapnH nopBn>K- 
hocth KjieTOK h npopeccax pacno3HaBaHHa reMopHTaMH naToreHa (McGreal et 


2 riapa^iiTOJiornsi. JV«* 4, 2010 r. 
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\, •*— 500 n.n. 

— 400 II. 1:1. 


12 3 4 

Phc. 9. imP-npoziyKTbi, nouynaeMbie Ha k/JHK Planorbarius corneus c noMombio cnemujiHHecKHX 
npaHMepoB Ha nocnexiOBaTejibHOCTH, KoxmpyiomHe UHCTaTHHnoxioGHbiH 6enoK. 

3jieKTpo(()ope3 b 8%-hom nojiHaKpmiaMHaHOM reae. 1 — mojijhock, 3apa>KeHHbiH Cotylurus sp.; 2 — mojijiiock, 
3apa>KeHHbiH Bilharziella polonica; 3 — mojijiiock, 3apa>KeHHbiH Plagiorchis sp.; 4 — ^HK-MapKep MOJieKyjiap- 

hmx BecoB 100—1000 n. h. 

Fig. 9. PCR products obtained on Planorbarius corneus cDNA with the specific primers for the sequ¬ 
ences encoding cystatin-like protein in gastropodes. 


al., 2004; Santamaria-Kisiel et al., 2006). AHanoraMH KajibiiHH-CBfl 3 biBaiomHX 6eji- 

KOB MOJIJIIOCKOB HBJIHIOTOI cLinOTpaHCILiaHTaT-Hnn-lGupyiOmHC (j)ak'TOpbl MJieKO- 
nmaiomux h uHTOKHHbi, BOB.acMcnHbic b iipoucccbi oiTop/KCHHH ajuioTpaHcmiaH- 
TaTOB (Deininger et al., 2002). rioKa3aHo, hto hmchho oGnapy'/KeiinaH y racrponoa 
rpynna CaBP ynacTByeT b aHTHnapa3HTapHOM otbctc (Vergote et al., 2005). 

TeMOUHTbl HBJIJHOTCJI OCHOBHbIMH 3(j)(jjeKTOpHbIMH SJieMCHTaMH KJieTOHHbIX 
peaKUHH nyjibMOHaT. H Taxoe pe3Koe noBbimeHne hhtchchbhocth 3KcnpeccHH 
reHa CaBP y 3apa>Keimi.ix TpcMaToaaMH mojijiiockob no;iTBep>K,yaeT Ba>Kiiyio 
pojib CaBP b aHTHnapa3HTapHOM oTBeTe. IloBbimeHHe ypoBHa aKcnpeccnn reHa 
HMeHHO b reMOHHTax raK5Ke no^TBcp>K/iaeT npettnojiojKeHHe o tom, hto pa3Jin- 
HHH B HHTeHCHBHOCTH H CTpaTeTHHX HMMyHHOTO OTBeTa y MOJTJHOCKOB CBB3aHbI 
npoK^c Bcero c pa3Hoii cnoco6HOCTbio tcmouhtob k a/irc3HH h pacno3HaBa- 
hhk) CBoero—nyxcoro (Adema et al., 2000; Bouchut et al., 2006). 

Ten, KoaupviomnH Cyst, iaioKe 3Kcnpecciipyerc>i h b reMouHrax. h b rena- 
TonaHKpeace 3apaaceHHbix oco6en. ripn 3tom b reMOUHTax He 3 apa»ceHHbix 
mojijiiockob cooTBeTCTByiomHe TpaHCKpnnTbi He o6Hapy»ceHbi. no HauiHM naH- 
HMM, ypoBeHb 3KcnpeccHH reHa Cyst Bbirne b renaTonaHKpeace, neM b reMo- 
jiHM(})e 3apaMceHHbix oco6en (pnc. 6). BbicoKaa aKTHBHocTb SKcnpeccHH reHa 
paHee 6biJia oTMeneHa b cKonneHHHX tcmouhtob BOKpyr cnopopHCT (Guillou et 
al., 2007) h KjieTKax renaTonaHKpeaca (Guillou et al., 2007). 

TaKHM o6pa30M, HauiH pe3yjibTaTbi noKa3bmaioT, hto h reMomubi, h kjictkh 
renaTonaHKpeaca MOJimocKa Planorbarius corneus npHHHMaioT ynacTne b skc- 
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npeccHH paccMaTpuBaeMbix (fmKTopoB 3amHTHbix peaicijHH. Flpn 3tom ypoBeHb 
3KcnpeccHH pa3Hbix (JmKTopoB pa3JiHHeH b reMOJiHM(|)e h renaTonamcpeace, 
hto, Bepo^THO, yKa3biBaeT Ha hx pa3Hyio ponb b 3amHTHbix peaxijHflx nyjibMO- 
HaT. KpoMe Toro, ypoBeHb 3KcnpectHH HCCJiejfOBaHHbix reHOB pa3JiHHeH y moji- 
jiiockob, 3apa^ceHHbix pa3HbiMH BH^aMH TpeMaTOA, hto no^TBepamaeT bhaoc- 
neijH(]3HHH0CTb ryMopajibHoro OTBeTa nyjibMOHaT. 
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EXPRESSION OF GENES ENCODING DEFENSE FACTORS 
IN THE SNAIL PLANORBARIUS CORNEUS (GASTROPODA, PULMONATA) 
INFESTED WITH TREMATODES 

© E. E. Prokhorova, N. V. Tsymbalenko, G. L. Ataev 
Key words', defense reactions, snails, Trematoda, parthenites, immune reactions. 

SUMMARY 

Because many species of gastropods are intermediate hosts for trematodes, these mol¬ 
luscs are often used as model-organisms in the studies of invertebrate immune system. Re¬ 
vealing of the ways in which the defense factors functioning became possible due to the 
use of the methods of molecular biology. Contemporary molecular methods allow analy¬ 
zing the defense factors allocations and levels of their expression. 
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We investigated the expression of genes encoding defense factors in gastropods by the 
example of the snail Planorbarius corneus from water bodies of the Leningrad Oblast un¬ 
der infestation with trematods. The snails naturally infested with the parthenites of trema- 
tode species belonging to the families Strigeidae, Notocotylidae, Plagiorchiidae, and 
Schistosomatida were used as the experimental sample. Uninfested snails were used as a 
control sample. Several genes encoding the factors, which have been recently found invol¬ 
ved in the anti-trematode defense reactions in pulmonates, were chosen, namely fibrino-’ 
gen-related protein, C-lectin, calcium-binding protein, and cystatin-like protein. 

The genes’ expression was analyzed on total mRNA samples by the reverse transcripti¬ 
on with the polymerase chain reaction. It was shown than expression levels of the genes 
under consideration are different in uninfested snails and in the snails infested with diffe¬ 
rent trematode species. Thus, in the mollusks infested with the parthenites of Cotylurus sp. 
and Bilharziella polonica, the expression levels of the genes of all factors under study were 
increased, while in the infested Notocotylus sp. n Plagiorchis sp., only expression levels of 
C-lectin and cystatin-like protein were increased. 

Results of the expression analysis confirm the role of hemocytes and cells of hepato- 
pancreas in the production of humoral defense factors. In the snails infested with tremato- 
des, the expression levels of C-lectin and calcium-binding protein genes are increased in 
haemocytes, while the genes of fibrinogen-related and cystatin-like proteins are activated 
in the hepatopancreas. Our data also confirm the role of the factors examined in the an¬ 
ti-trematode defense reactions in pulmonates. 
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